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Esters of flavonoids with 
CD-substituted C6 to C22 fatty acids 



Brief description of the inventinn 



The invention refers to esters of flavonoids, such as flavones. flavonols, flavanones. flavanols 
flavanolols. isoflavones, anthocyanins, pioanthocyanidins, chalcones, aurones, and hydroxy- 
coumarins conjugated by an ester bond to a ©-substituted C6 to C22 fetty acid. 
In addition it refers to cosmetic and pharmaceutical fonnulations and nutritional products 
comprising these flavonoid derivatives and the use of the flavonoid esters. 



State of the art 



Flavonoids are a class of naturally occurring polyphenols in plants. Hiey are benzo-y-pyron 
dOTvatives and can be classified into several groups (flavones, flavonols. flavanones, fla- 
vanols, flavanolols. isoflavones, anthocyanins, proanthocyanidins, chalcones, aurones, hy- 
droxycoumarins) according to the presence of different substitiients on tiie rings and the'oxi- 
dative degree of ring C (figure 1). These flavonoids may also exist in glycoside or aglycon 
form and other modifications such as methylation or acylation of hydroxyl groups increase the 
diversity of these molecules and their properties. 
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Figure 1: Different groups of flavonoid derivatives 

For many years flavonoids have been known for their biological activities. Their main proper- 
ties are antioxidant activities and enzyme inhibitmg activities. They are already used in cos- 
metic and pharmaceutical formulations for appUcations in the following fields: anti-erythema, 
anti-blotchiness, sensitive skin, draming, slimming, anti-wrinkles, stimulation of the extracel- 
lular matrix, toning up, skin elasticity, anti-ageing, cardiovascular diseases, veinotonic, in- 
flammation, allergy, antiviral, antibacterial properties or in general as stabilizing or protecting 
therapeutical agents. 

For reasons of their anti-radical activity combined with their absorption spectrum m the UV 
range, flavonoids may be of interest in the prevention of photo-oxidative skin damage. UV 
radiation is one aspect of environmental stress on the skin. The main UV radiation attackmg 
the <skin is in the ranee of 290 - 320 nm (UVB) reaching the dermis and upper deraiis and 
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^TZ^^^ P«netra«ng radiation tha. aj&cte th« dennis. Nuclear or mito- 

choodnal DNA dan^gea. g«Kration of reactive oxygen species which are «q,onsible for 
h^d and protcu. damage, are induced by UVA and/or OVB radiation and involve immediate 
™d t™a,en. biolo^cal responses, for example. inflamm«ion, sunburn, loss of skin elasticie, 
^ delay^ and chronic biological responses such as photoaging. or pho^ogenel 

f r " . '^"^'^ ""^ Phannaceutics. ,75. 85) have demo^: 

strated that flavonoids were ineSective in fonmilattons. 

^Z^-^^T'T" '"^""^ " «»™«<=- Pl-maoe^ticaa preparations and nutri- 
tion IS limited by their low solubility and stabiUty 

TS'T' f .'^™"°'^.' <8'=-^y'»^ »d -Hycon) in bott. a,u«,„a and lipophiBc phases 

,s very drfBcul, ,o incotpotate itavonoids in cosmetic. phanL««L or 
mtfraceunc fem.ulat.ons. A second drawback is a poor bioavailability of flavonoids 

2r°'?r Tf"' *" "^'^ ^'^ » <^ ^>^- They 

are degraded by hght. oxygen or oxidizing agents and hi^ tHnperahm. 

To i^ve the UVi,rotection properties of flavonoids, a combmation by acjM™ or alkyla- 
tion of flavonords. particulariy tiliroside, witi, aromatic compounds known fer tiieir UV^ter 
r^es - for example dibenzoyhnethan. d«ivatives or benzoyl derivatives - has been de- 
scnbed m fte International application WO 02069926. lie linking of flavonoids to UV-ffller 
moIec«l«, mcreaaes the stability of UV-filters. h, fte European application BP 1205475 agly 

r ^TT r",""" ^ """P^ PO^^ 

^« Of both molecules: ««> antioxidant and enzyme inhibitor activities of £lavo™,ids «.d 
the UV absorption properties of a filter. 

fc*e US-paten, US 4255336 derivatives of cyanidan.3^. wifl. organic carboxyUc acid , car- 
borne aad. ».lphomc acd.were described m respect of ti.eir activity regarding fl.e prevemion 

■1^ '"^'y^'^ These compounds could protect the tissue by the 

mhibition of die degradation of collagen by colUgenase. 

Mferen. solutions have be«, proposed to solve ttK= problem of insh*iUty of ftavonoids such 

LTT^x " °* ^"O"-^"- A»oU>er described way to increase the stability 

«rfti«hpophU.c,.y Of flavonoids is «.eir acylation wid. fatty acids by chemical or enzymatfc 
m«ns. h. the French pMeffl FR 2706478 the«peutical and cosmetic fctmulations containing 
esters of flavanol and procyanoUdic oligomers and ftay acid were described. Hre acylation of 
Ptenohc e^ups has .ncreased d» stabiHty of tt.e formation in respect of color without de- 
creasmg the antioxydant activity. In PR 2778663 fttiy esters of flavonoids were synthesized 
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by chemical means. The resulting flavonoid esters were stabilized in preparations and emul- 
sions and their anti-radical activities were preserved. 

The activity of enzyme inhibition was also increased by the acylation of flavonoids with fatty 
acids. This is a result of a higher degree of penetration through the cell membrane. 

m the US-patent US 5844061 flavonol and procyanolide oUgomers were rendered liposoluble 
and stable by protecting the hydroxyl groins by esterification with fatty acid or aryl acid The 
antiradical and antioxidant properties of these esters can be exploited in therapeutic, cosmetic 
and dietetic fields. 

The International patent application WO 00/44757 discloses hydrophilic and lipophiUc hes- 
peretm acylated with an organic or inorganic salt of acid or with fatty acid or substituted fatty 
acid or aromatic acid in order to increase the bioavailabiUty of hesperetin for pharmaceutical 
application. 

The bioavailabiUty of flavonoids may also be improved by increasing their aqueous solubility 
Hydrophilic queicetin, apigenin. genistem were obtained by linking a phosphorylated sugar 
(mositol phosphate) directly or by a short carbon chain (succinate ester). This method in- 
creases the aqueous solubility of quercetin due to a linkage with a polar group without dimm- 
ishing Its cytotoxic and antiproliferative activity (WO 96/21440). 

In WO 99/63995 the bioavailability of isoflavones was increased by improving their aqueous 
solubihty. This was accompUshed by attaching a polar group. Isoflavones were esterified on 
an alcohol fimctionaUty of aglycon part using a caiboxyUc acid group or a phosphoric acid 
group possessmg a polar group directly attached to acid or indirectly linked to a short carbon 
Cham. Succinate, glutarate. adipate and phosphate ester were described as good solubilizer 
with biological compatibility. Esterified isoflavones can be converted into free isoflavone in 
biological media by hydrolyzing the ester bond by various enzymes. The esterified isoflavones 
can be used in nutritional supplements and phannaceutical preparations as phytoestrogen, an- 
tiangiogenic, antioxidant, anticancer and against ultraviolet skin damage. 

Microcapsules of flavonoids have also been obtained by interfecial cross-linking of flavonoids 
with diacide (FR 2715582). Microcapsules were prepared by mixing an aqueous solution of 
flavonoid with an oiganic solution of diacide under vigorous stirring and at elevated pH. The 
stabilized polyphenol retains its activities. 
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pnatic acid are claimed for cosmehc and phannaceutical aoolica- 



tion» 



properties, chenncal ^ physic^hj^^s^lt ^ ^ T ""'"^'''^ 
Skin. s oy u V radiation and thereby prevent ageing of the 

in improved physico^hemical properties and high bioavailabiUty. 



Detailed d^>^^riutian nf ^h, i 



flavon^a esters ao. ^Ir:^' ^Z^^ 7^"°"- 
Hposomesormidocapsules a^™-""" «^ are mcotpotMed in 

outochondria. or nLtTDl^^S'^r" — UV-«Ba«on. such ss 

ce™, the protection agataaoJZf I * " « «>- 

use as aotilflanun^^"**™ ^"^^ P^-u^utts. ^ the 



-on. AS Shown i„ the zrZT:.::7z 

•he invention protect slcin ceU. against UVA and UV^r^T "^"""^ •» 

ner .e «a..cids aione. Moreove. ^^^^^^Z^:- 
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late the GSH metabolism of human skin cells after UVA irradiation. to stimulate their 

'^^^U^^'lJ^"' """"" anti-inflammatory and soothing properties as demon- 
strated by the mhibition of released PGE2 after UVB irradiation. 

> Thereby these flavonoid esters may be used to protect the skin and scalp and/or to fight 
UV and sm. damages, erythema, smzbum. mitochondrial or nuclear DNA damages, to pre- 
vent or fight photo-ageing. providing improvement for signs of ageing as skin wrinkles, 
elasticity loss and a decrease in skin thickness. 

> They may also be used to protect skin, scalp and/or hair shafts and fight oxidative or stress 
damages, to protect skin, scalp and/or hair shafts from enviromnental stress such as poUut- 
ants, chemicals. ^ 

They may be used to improve the appearance of the skin with local inflammations or mi- 
cromflammations. Moreover, they may be used to treat sensitive or irritated skin or scalp 
as^peasmg and anti-itching agent as cosmetic agents to improve sensitive skin, reduce' 
particularly scalp itching, or modify the melanin synthesis in human skin. 

Since fte flavonoid esters still exhibit the activities of the pure flavonoids. the invention 
also aUows their use as anti-free radicals, anti-oxidant and anti-blotchiness agents for 
drainmg treatment, for slimming treatment, for anti-wrinkle treatment, as stimulator of the 
^thesis of elastin and other extracellular matrix elements and in toning up compositions 
They may also be used in compositions for applications related to cardiovascular diseases* 
vemotomc effects, inflanmiation disorders, allergies, as antiviral and antibacterial agents' 
or as stabilizmg or protecting therapeutical agents. 

> The disclosed flavonoid esters show a very good chemical stability. 

> Flavonoid esters with o)-substituted C6 to C22 fetty acids have a better solubility in lipo- 
philic vehicles, and so they can be easily incoiporated in cosmetic, dermatological. phar- 
maceutical formulations and as nutritional supplements. 

Compared to compositions disclosed in the hitemational patent application WO 99/63995 
die bioavailability of isoflavones was fimher increased by improving their Upophilic solu- 
bihty. This was accomplished by attaching not only a polar group, but by inserting a C6 to 
C 22 Cham of the fatty acid. Flavonoid esters with o-substituted C6 to C22 fetty acids can 
directly be dissolved in the oil phase of the fommlations. or be totaUy or partially incorpo- 
rated m liposomes or microcapsules. 
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vanols. flavanolols, isoflavones^tTocT ^^^''"^^^^ flavanones. fla- 

camdfa. g<«s)petin gel^dT^ 

a, hesperidin, gly««ytated fo™ of ^"^"^ of hcsp„«to 

«cul«in as esculin. nanngenm as aanogm. and glycosylated fcnn of 




^ The term co-substituted C6 tn r'yo fo**, • j 

S"."P. - besid« tte caAoxylio^d^ * T """^ <»= » »o„ polar 

This polar group n.ay be ■ <^ atty adds have 8 to 1 8 carbon ^ 



or unsaturated, linear or ^ ' ' 

"«cal and S- a coaterion; a COim^^,T'°1: " 
Examples of this ^^sM^ted ^JcaT^J/ " ^'^H' 

^«^a.ic aci. dodecan^oic acid. ^^Z'^Z 1^^::^ 
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(b) a thiol or an alkylthioalkyl group such as 1 l-mercaptoundecanoic acid, 

(c) a primary, secondary, tertiary amine or a quatemium salt of hydrogen atom, a saturated 
or unsaturated, linear or branched alkyl C1-C6 radical, or an aryl, aralkyl or aralkylene 
radical such as 1 l«-aminoundecanoic acid, 

5 (d) an halogen atom, 

(e) a nitro NO2 group, 

(f) an organic or inorganic phosphoric or sulphuric acid, 

a hydroxyl group or an alkoxyalkyl group, the hydroxyl group being only on the terminal 
carbon atom, such as 16-hydroxyhexadecanoic acid. 
10 The most preferred derivatives are the derivatives of carboxyhc acids (group (a)), especially 
dicarboxylic acids. 

The ©-substituted C6 to C22 fatty acid is also represented by a di-carboxyUc acids linked to a 
flavonoid by an ester bond on one of its carboxylic group, i.e. HOOC-X-C(=0)-0-Flavonoid, 
15 wherein X is a saturated or unsaturated, linear or branched alkyl radical (C4 - C20). 

The ©-substituted C6 to C22 fatty acid is also represented by a saturated or unsaturated, Hnear 
or branched aliphatic chain (C6-C22) having two adjacent polar groups which are diol, dithiol, 
1,2 and 1,3 dithiane, epoxide, such as thioctic acid. 

20 

Flavonoid esters of the mvention 

> The esters of flavonoids with co-substituted C6 to C22 fatty acids of the invention are 
25 characterized in that they correspond to formulas (I) to (X): 

Flavone Q) : 




30 

wherein : 

ft 
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15 



20 



r« T T» ' « ™>™">«« «« tte ring 

(h) R, are .demical .o or different &om e«h oft« and r,p,e«n. a hyd^gen atom 

W.ed aoy, ,.„p .i, . , , 

(i) R3 and R4 are identical to or different fiom each oth^r 

or a .ono^ . .n ouZf^rjtnTz iTrr 

groups, prefer.. ^ ... ao.. and „ore pre^., 

'^^ r 'T^ " ^ *om 0 to 5. and 

sum of m + n2 does not exceed 5 

00 n2 and at are identical to or diflrenmt fi««, 

thesumnfn H ™* ^^^^ n^bers from 0 to 4, and 

me sum of na + n* does not exceed 4 

The monosaccharide may preferably be substituted or unsubstituted Mucose rham««,. , 
polymer of one or more monosaccharides previously described. 



25 



30 



Flavonol (II) : 




(OR2}n2 



wherein : 

0) *e (OR,). (OR,). (ORa) ^ (OS,) group, a« anywhere on the ring 

^^'^r '° " <^'^'^' . hydrogen aton, 
a^ed or una«„™ted. linear or branched aBcy. radical (C, - Crf. a alraL 

saturated , Imear or branched acvl &mnn xxritu i < . 

or an oligosaccharide 1 to 6 carbon atonu^ a monosaccharide 

^"^ ^LL^'.^ " ^ "--prise a o- 

subsntuted acyl group, or a monosaccharide or an oUgo^ccharid. having a. least one 
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or more c-substituted acyl groups, preferably from 1 to 6 acyl groups and more pref- 
erably from 1 to 3 acyl groups 

(o) m and n3 are identical to or different from each other, are numbers from 0 to 5, and the 
sum of ni + na does not exceed 5 

(p) m and a. are identical to or different from each other, are nmnbers from 0 to 4, and 
the sum of ni + 114 does not exceed 4. 
Examples of flavonol aro kaempferol, quercetin. rhamnetin as aglycon form and their glycosy- 
lated form as rutin, quercitrin, hyperoside and isoquercitrin. 

Preferably the monosaccharide may be substituted or unsubstituted glucose, rhamnose. galac 
tose, arabmose or xylose. Preferably the oUgosaccharide may be the sugar moiety of the fol- 
lowang flavonoids : tiliroside, orientin, schaftoside, saponarine, rutin, hesperidin, diosmin or a 
polymer of one or more monosaccharides previously described. 



Flavanone (ID) : 




(OR,)n, 



(OR3)n3 



(ORjJn, 



wherein : 

(q) the (OR,), (OR2), (OR3) and (OR4) groups are anywhere on the ring 
(r) R. and R^ are identical to or different from each other and represent a hydrogen atom 
a saturated or unsaturated, linear or branched allcyl radical (C, - Ce), a saturated or mi-' 
saturated, hnear or branched acyl group with 1 to 6 carbon atoms, a monosaccharide or 
an oligosaccharide 

(s) R3. R4 and R5 are identical to or different from each other and comprise a co- 
substituted acyl group, or a monosaccharide or an oligosaccharide having at least one 
or more co-substituted acyl groups, preferably from 1 to 6 acyl groups and more pref- 
erably from 1 to 3 acyl groups 

(t) n, and n3 are identical to or different from each other, are numbers from 0 to 5, and the 
sum of ni + ns does not exceed 5 

(u) m and n4 are identical to or different from each other, are numbers from 0 to 4, and 
the sum of n2 + n4 does not exceed 4. 
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vanon. hinokiklavon, amentaflavon, bilobetol as aglycon fonn and their glycosyla ed fom, 
such as hesperidin. neohesperidin. pruning or naringin giycosylated fonn 

Preferably the monosaccharide may be substituted or unsubstituted glucose, rhamnose galac 
rrrr T^ ^^^'^'^'y o^^os^^^^. may be the sugar mo ety of Zf^. 
polymer of one or more monosaccharides previously described. 



Flavonolol (IV) : 




wherein : 

(V) tto (OR,X (OR,), (OR3) and (OR4) groups are anjwhere on the m>g 

(w)^ aad R, «^ id^acal «> or difloren, ftom «ch other and repre«n. a hydtogen atonv 

saturated, linear or branched acvl omim i i. 

« oligo^haride ««*°« -"oms. a monoaaccharide or 

.1^ ,T °" ftom each other and c«opHae a ^ 

subsffttted «^ gro.^, or a mono^haride or an oHgosaecharide having « leas, one 

r^f"* r " " '"'"°°* ^" ^ torn 0 «, 4, and the 

sum of na + n4 does not exceed 4. 

Examples of flavanolol (also named dihydroflavonol) are fUstin garbanzol taxifoHn « 

^^^.^^r^, ^ ^ agUCTd't^'St: 



II 
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Preferably the monosaccharide may be substituted or unsubstituted glucose, rhamnose, galac- 
tose, arabinose or xylose. Preferably the oligosaccharide may be a sugar moiety of the foUow- 
ing flavonoids : tiliroside, orientin, schaftoside, saponarine, mtin, hesperidin, diosmin or a 
polymer of one or more monosaccharides previously described. 



Isoflavone (V) : 




(OF^}n2 



(ORi)n| 



(0R3)n3 



(V) 



wherein : 
(aa) 
(bb) 



the (ORi), (OR2), (OR3) and (OR4) groups are anywhere on the ring 
Ri and R2 are identical to or different from each other and represent a hydrogen 
atom, a saturated or unsaturated, linear or branched alkyi radical (Ci - Q5), a saturated 
or unsaturated, linear or branched acyl group with 1 to 6 carbon atoms, a monosaccha- 
ride or an oUgosaccharide 

(cc) R3 and R4 are identical to or different from each other and comprise a co- 
substituted acyl group, or a monosaccharide or an oligosaccharide having at least one 
or more co-substituted acyl groups, preferably from 1 to 6 acyl groups and more pref- 
erably from 1 to 3 acyl groups 

(dd) m and tij are identical to or different fiom each other, are numbers from 0 to 5, 
and the sum of ni + na does not exceed 5 

(ee) = n2 and n4 are identical to or different from each other, are numbera from 0 to 4, 
and the siun of n2 + 04 does not exceed 4. 

Examples of isoflavonoids are daidzein, genistein, biochanin A, formonetin. cajanin, prunetin, 
irigenin, luteone as aglycon form and their glycosylated form as daidzin, genistin, iridin and 
puerarin. 



Preferably the monosaccharide may be substituted or unsubstituted glucose, rhamnose, galac- 
tose, arabinose or xylose. Preferably the oligosaccharide may be the sugar moiety of the fol- 
lowing flavonoids : tiliroside, orientin, schaftoside, saponarine, rutin, hesperidin, diosmin or a 
polymer of one or more monosaccharides previously described. 
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(0R2)n2 

Anthocyanin (VI) : 




(VI) 



wherein : 

(ff) the (OR,). (OR2), (OR3) and (OR4) groups are anywhere on the ring 

(gg) R. and R2 are identical to or different from each other and represent a hydrogen 

TZZT^^ " """^ " - ^«)' - -*-ted 

or unsatui^ ed. hnear or branched acyl group with 1 to 6 carbon atoms, a monosaccha- 
nde or an oligosaccharide 

K ^^^^^^ identical to or different from each other and comprise a co- 

substituted acyl group, or a monosaccharide or an oUgosaccharide having at least one 
or more a,-substituted acyl groups, preferably from 1 to 6 acyl groups and more pref- 
erably from 1 to 3 acyl groups 

(ii) n. and na are identical to or different from each other, are numbers W 0 to 5 and the 
sum of ni + lis does not exceed 5 

(ij) ^ and n4 are identical to or different from each other, are numbers from 0 to 4 and 
the sum of nz + 04 does not exceed 4. 

^a^te of ana^oy^ are cyanidto. 6-hy<te,xycya,^ pelargonidin. oka^ malvidin as 
aglycon a™ and to glycosylated fonn as c«^dh^.3.0.ga^ac.oside. oyamdin-S-O- 
nUmosidB, pelaigoaidin or malvin. j-»"uin j c 

f 

P^ferabb, tt.e mon««ocharide n„y be substih..«l „r »substttu.ed gluoose. ri-amnos., galac 
tose arabmose. xylose. Pref«ably fte oUgosaccharide may be *e sugar moiec- of U» foUow- 
^ flavo:^.ds .. .Uroside. orienU., schafteside. saponarine. ruSr. hesperidiZ diosjt^ 
polymer of one or more monosaccharides previously described. 
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Chalcone (VII) : 

(VD) 

wherein : 

(kk) the (ORi), (OR2), (OR3) and (OR4) groups are anywhere on the ring 
5 (11) Ri and R2 are identical to or different from each other and represent a hydrogen atom, 

a saturated or unsaturated, linear or branched alkyl radical (Ci — Ce), a saturated or un- 
saturated, linear or branched acyl group with 1 to 6 carbon atom, a monosaccharide or 
an oligosaccharide 

(mm) R3 and R4 are identical to or different from each other and comprise a <o- 
10 substituted acyl group, or a monosaccharide or an oligosaccharide having at least one 

or more co-substituted acyl groups, preferably from 1 to 6 acyl groups and more pref- 
erably from 1 to 3 acyl groups 
(nn) ni and na are identical to or different from each other, are numbers from 0 to S, 
and the sum of ni + 7x3 does not exceed 5 
15 (06) nz and n4 are identical to or different from each other, are numbers Scorn 0 to 5, 

and the sum of n2 + m does not exceed 5. 

Examples of chalcones are davidigenin, phloretin, isoliquiritigenin as aglycon form and their 
glycosylated form as phloridzin and glyc>phyllin. 

20 

Preferably the monosaccharide may be substituted or unsubstituted glucose, rhamnose, galac- 
tose, arabinose or xylose. Preferably the oligosaccharide may be the sugar moiety of the fol- 
lowing flavonoids : tiliroside, orientin, schaftoside, saponarine, rutin, hesperidin, diosmin or a 
polymer of one or more monosaccharides previously described. 

25 
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(ORi)n, 




Aurone (VIII) : 



(Vm) 

wherein : 

(PP) the (OR.), (OR.). (OR3) and (OR4) groups are anywhere on the ring 

.to ^' T"^ ^1 '"^'"^''^ ^^^""^ represent a hydrogen 

atom, a saturated or unsaturated, linear or branched alkyl radical (C. - Q) a saturated 
or unsaturated, linear or hunched acyl group with I to 6 carbon Itl. a tlllX' 

nde or an ohgosaccharide 
(.r)IU and R4 are i<tentioal to o, dlffereiu fiom .ad. otor and compme a onsubaitoted 

^w^"^' ^ r """"^^"^ " oUgosaocharide haying a. least one or more o- 

«^ha.tuted acyl groups pr^y , ^ 6 acyl groups and more prefaably &om 1 

to 3 acyl groups 

^"^irfr r "f""' " °" 0 to 5. and.,he 

sum of n, + na does not exceed 5 . /"c 

(tt) n. and are identical to or different ftom each other, are numbers from 0 to 4, and the 
sum of n2 + n* does not exceed 4. . 

Examples of aurones are auieusidin, sulphuretin, hispidol as aglycon form and their glycosy- 
lated form as 6-glucoside-hispidol. giycosy- 

^"'^^^'^ unsubstituted glucose, rhamnose. galac- 
tose, arabmose or xylose. Preferably the oUgosaccharide may be the sugar moiety of Ae fol 

Zer"m"' hefperidin. J ^ 

polymer of one or more monosaccharides previously described. 



Flavanol (K) : 
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OX) 

wherein : 

5 (uu) the (ORi), (OR2), (OR3) and (OR4) groups are anywhere on the ring 

(w) Ri and R2 are identical to or different from each other and represent a hydrogen 
atom, a saturated or unsaturated, linear or branched alkyl radical (Ci - Ce), a saturated 
or imsaturated, linear or branched acyl group witii 1 to 6 carbon atoms, a monosaccha- 
ride or an oligosaccharide 
10 (ww) R3, R4 and R5 are identical to or different from each other and comprise a co- 

substituted acyl group, or a monosaccharide or an oligosaccharide having at least one 
or more oo-substituted acyl groups, preferably from 1 to 6 acyl groups and more pref- 
erably from 1 to 3 acyl groups 
(xx) ni and na are identical to or different from each other, are numbers from 0 to S, 
15 and the simi of ni + n3 does not exceed S 

(yy) 1X2 and 114 are identical to or different from each other, are numbers from 0 to 4, 
and the sum of n2 + ru does not exceed 4. 

Examples of flavanol (flavan-3-ols) are catechin, epicatechin, fisetinidol as aglycon form and 
20 their glycosylated form as catechin-7-O-xyloside, cyanidin-3-O-mtinoside, pelargonidin or 
malvin. 

Preferably the monosaccharide may be substituted or unsubstituted glucose, rhamnose, galac- 
tose, arabinose or xylose. Preferably the oligosaccharide may be the sugar moiety of the fol- 
lowing flavonoids : tiliroside, orientin, schaftoside, saponarine, ratin, hesperidin, diosmin or a 
25 polymer of one or more monosaccharides previously described. 



(OR2)n2 



Hydroxycoiunarin (X) : 



30 (X) 
wherein : 

(zz) the (ORi) and (OR2) groups are anywhere on the ring 
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=aM radical (C, - C), a «taat«l or unsatuntted, Uncar or branched acyl gn,up witt, 1 
to 6 carbon atoD.. a monosaccharide or an oligosaccharide 

suba.ft.ted acyl group, or a monosaccharide or an oligosaccharide having a'leaae ol 

fon'r^^f^T™"*" "mbeUii«»ne. scopoletin, ftaxedn as aglycon 

form and then- glycosylated fcrm as escuHn, cichoriine or ftaxin. 

Preferably the monosaccharide may be substimted or unsubstitated elucose ri,»m„„. ■ 

« 



Prenaratin g of the fiavonoid esfw i-c 

*f 

> The flavoi^id esters acconling to tt,e mvemion may be synthesized using knovm acylation 
processes fiom the state of d.e art. The acyhtion can be performed u^Z^: 
pmc«s as descnbed in «.e receady med paten. appUcati™. no. BP 0229^9^ 7^ 
ftance). lie estera c«. abo been obtained by chemical acylation method. 

phere. Appropnate solv«.B may be chosen fi<»n a.e gro.^ consisting of tohene pyridme 
cUorofbim, tetrahydrofurane and acetone. Pyndme, 
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Examples 



Example 1: Synthesis of ester of rutin with nctadecandiftig ariri 



This Inaction was earned out in a 250 ml batch reactor. Rutin (0.85 g. 1.4 mmol) and octa- 
decandioic acid (0.97 g, 3.1 mmol) were dissolved in 250 ml tert-amyl alcohol. The medium 
was heated at 60°C under vacuum (170 mbar). The resulting vapor was condensed and recy- 
cled to the reactor throught a column fiUed with molecular sieves (50 g). This procedure al- 
lowed a low water level (< 100 mM) in the reactor after 21 h. 2.5 g of the lipase of Candida 
antarctica (Novozym 435) was then added which is a lipase immobilized on a macroporous 
acrylic resin with an activity of 7000 PLUg-1 (Propyl Laurate Synthesis). 
Afla: 70 h the enzyme was recovered by filtration. The medium was then concentrated by 
evaporation of solvent. Two systems of extraction were used to eliminate the residual sub- 
strates. A mixture of acetonitrile / heptane (3/5 v/v) is used to remove the pahnitic acid, while 
the separation of rutin was carried out by an extraction with water / heptane (2/3 v/v). 

The 'h NMR of the ester obtained was : 

'H NMR : (400 MHz, DMSO ds) : 0.76 (d. 3H), 1.2 (m, 24H). 1.44 (m, 4H), 2.17 (m. 4H). 
3.1-3.5 (broad, 8H), 3.7 (d, IH), 4.45 (s. IH). 4.65 (t. IH), 5.44 (d, IH), 6.19 (d, IH), 6.36 (d 
IH), 6.83 (d, IH), 7.5 (m, 2H) ppm. 



Example 2; Svnthesis of ester of rutin with hexadecandioie acid 



The acylation of rutin (0.8 g, 1.3 mmol) with hexadecandioie acid (0.98 g. 3.4 mmol) was 
carried out as described in example 1 . 

After 63 hours of reaction tune the same procedure of purification by liquid-Uquid extraction 
as described in example 1 allowed the recovery of rutin hexadecandioate. 

The 'H NMR of the ester obtained was : 

'H NMR : (400 MHz, DMSO dg) : 5 0.76 (d, 3H). 1.2 (m, 60H). 1.5 (m. 12H), 2.2 (m, 12H), 
3.1-3.6 (broad, 8H), 3.7 (d, IH). 4.45 (s, IH). 4.65 (t. IH). 5.43 (d. IH), 6.18 (d. IH), 6.36 (d, 
IH), 6.84 (d, IH), 7.50 (m, 2H) ppm. 
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Example 3; Svnthesi^i nf .c... ^tin ^Uh a^.i.;. 



acid 



10 



15 



20 



25 



The acylation of rutin (0.8 g. 1.3 mmol) with azelaic acid 58 a 7 i 

as described in example 1. acid (0.58 g, 3. 1 mmol) was earned out 

out hy faction ll^iZyU^:^: "^^^ '^'^ 

The 'h ^^MR of the ester obtained was : 

'HNMR : (400 MHz, DMSO d*) • 5 0 75 i o/i / ,ot^ , 

Example 4; Synthesis nf ^.c*^- trf mrtn nitli 1 1 , , * ^ 

I 

The acylation of rutin (0.7 g, 1.2 mmol) with 1 l-meic^toundecanoic acid fO 7 . 3 i „ n 
was carried out as described in example 1. unaecanoic acid (0.7 g, 3.1 mmol) 

After 64 hours of reaction time the enzyme was filtered Th. c«i , * 

the product was dissolved in methanoT^! Z "^"^ "^"^ evaporated and 

mixture of water/heotanrr^W . ^ ""''''"'"^ ''^'^ of extraction. A 

c-edout:;:rrr^^^^ 

The 'h NMR of the ester obtained was • 



lol) was 



T^e acylation of naringin (0.59 g. 1 mmol) with octadecandioic acid (0 98 a 3 1 m 
earned out as described in example 1. ^ 
After 50h of reaction time the same nrocednr** «f «„^fi *i 

«a„«.le I .H«w«ltte«cov«yof ftce^^^ of pa„flo«.» by «,™^o„ as de^ibed in 
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Example 6: Synthesis of ester of escuiin with octadecandioic acid 

The acylation of escuiin (0.42 g, 1.2 mmol) with octadecandioic acid (0.97 3.1 mmol) was 
carried out as described in example 1. 
5 After SO h of reaction time the same procedure of purification by extraction as described in 
example 1 allowed the recovery of ester. 

The structure was confirmed by NMR: 

*H NMR : (400 MHz, DMSO de) : 1.2 (m, 24H), 1.5 (m, 4H), 2.2 (m, 4H)3.15-3.55 (broad, 
10 2H), 3.61 (t, IH), 4.11 (dd, IH), 4.34 (dd, IH), 4.84 (d, IH), 6.2 (d, IH), 6.8 (s, IH), 7.3 (s, 
IH), 7.83 (d, IH) ppm. 

Example 7: Synthesis of ester of escuiin with thioctic acid 

15 

The acylation of escuiin (0.87 g, 2.5 mmol) with thioctic acid (1.23 g, 6 mmol) was carried 
out as described in example 1. 

After 70 hours of reaction time the enzyme was filtered. The mediimi was then concentrated 
by evaporation of solvent. The ester was recovered by two systems of extraction. A mixture of 
20 water/heptane/acetonitrile (2/3/0.4 v/v/v) was used to remove thioctic acid and the recovery of 
ester was carried out by extraction with dichloromethane. 

The structure was confirmed by 'H NMR. 

NMR : (400 MHz, DMSO de): 1.2-1.9 (broad, 8H), 2.1.2.4(broad, 4H), 3.2 (m, 2H), 3.5 
25 (m, IH), 3.7 (m, IH), 4.12 (dd, IH), 4.35 (d, IH), 4.85 (d, IH), 5.23 (d, IH), 5.33 (d, IH), 
6.26(d, IH), 6.84 (s, IH), 7.33 (s, IH), 7.86 (d, IH) ppm. 

Example 8 - UVA cvtophotoprotection^ anti-oxidative effect 

30 

The cytoprotection against UVA irradiation has been evaluated by a test on human fibroblasts 
because UVA radiation penetrates the epidermis until the dermis where it induces oxidative 
stress, mainly by activation of photosensitising biological components, which catalyse the 
formation of ROS like anion superoxide, hydrogen peroxide and singlet oxygen, and lipoper- 
35 oxydation of the cell membrane. These oxidative stress effects are evaluated in vitro due to 
measuring of the level of released MDA (malondialdehyde) and of intracellular GSH (reduced 
glutathion) (Morliere P., Moisan A., Santus R., Huppe G., Maziere J.C., Dubertret L.: UV-A 
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i'^r'it'/r'^™ " ""^ 

The Upop^oxides fom,cd ate UVA todiaUon undergo . decay into malondialdehyde wWoh 
2^^^^ '^y Wotegical molecules Uke pro^ v«* iiUUb Jon oTI 

n ? ^ ™' Of n.uugeaesia. the Glutafluone (GSH) is a pepdd. 

lead. An n.c™se „ U» GSH Icel enhances *e «=«vi.y of g.mattuon.S-tansf«ase a ZIri 
flca^on enzj^e. GSH is evaluated according to dre method of Hissin (Hissin pTi^ a 
a««,,ne,r.c method for detenmnation of o^ and reduced GlutLone t^L 
lytioal Biochemistry (1977) vol 74. pp 214-226) ■«mone m tissus. Ana- 

H™^ ^I":^^ 7= '^--'^ growth medium (DMBM+FCS) and incubated 3 days 
at 37 C. with 5% CO.. The growth medium was then exchanged with a medium containimr Z 
m^ent to be tested and incubated 2 days a, 37-C with C02^%. After ftcTZ^ 
medrum ,»..h balanced salt solution, the ceH culture was ir^ated by UVA 2<^^e^ p„ 



Table 1 



Results in % against control (mean on 2-3 assays in triplica): 



Product 



Control (not irradiated^ 
Control / UVA f 20 J/cm7>f 



Rutin 



Rutin octadecandioate according to 
ample 1 



Rutin hexadecandioate according to ex- 
ample 2 

Rutin azelaiate according to example 3 

Rutin 1 1-mercaptoundecanoate according 
to example 4 

rutin was purchased from Sigma. 



Dose 
%w/v 


MDAxe- 
1 leased 


Cell pro- 
teins 


CeU 

GSH/protem 
ratio 




1 0 


I 100 


100 




1 100 


1 107 


78 


1 0.003 


1 79 


1 126 


72 


I O.OI j 


1 72 


128 1 


71 


I 0.001 
I 0.003 
1 0.003 1 


1 46 

15 1 
46 


139 


73 


133 
129 


122 
101 


1 0.01 1 


21 1 


178 


75 


1 O.OOl 1 


78 1 


144 


67 


0.003[ 


64 1 


165 


64 


0.001 


34 1 


94 


131 


0.003 1 


0 1 


89 


283 1 
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The UVA irradiation has induced a release of MDA and a decrease of cell GSH. After incuba- 
tion of the fibroblast witti esters of rutin, a strong protection of cells against UVA-induced 
MDA released and GSH decrease was obtained, whereas rutin had protected the fibroblasts 
5 very poorly. 

Example 9> UVB- cvtoDhotoprotection and anti-inflammatory effect 

10 The arachidonic cascade is an important mechanism of cutaneous inflammation. This cascade 
may be induced by several factors, particularly by UVB irradiation. UVB induces the inflam- 
matory response by activation of phospholipase A2 (PLA2), which results in a release of ara- 
chidonic acid from cell membranes. Then other specific enzymes (so called cyclo-oxygenases) 
transfomi arachidonic acid in active components called prostaglandin (PG) which are secreted 

IS firom the cells. The fixation of certain prostaglandins (PGE2) on specific skin receptors is fol- 
lowed by redness and the swelling of human skin. On cultured human cells , these UVB ef- 
fects on ceirs membrane are associated with a release of a cytoplasmic enzyme into the su- 
pernatant medium: Lactate Dehydrogenase or LDH. 

20 Human keratinocytes were inoculated with a growth medium (DMEM+FCS) and incubated 
for 3 days at 37^C and 5% CO2. The growth mediimi was then exchanged with balanced salt 
solution containing the ingredient to be tested, the cell culture was irradiated by UVB SO 
mJ/cm^ (DUKE GL40E lamp). After 1 day of incubation at 37°C with 5% C02, LDH and 
PGE2 released in the medium were determined^ and cellular DNA was measured using a fluo- 

25 rescent probe to determine the cell viability. 
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Table 2 



Results in % against control (mean on 2-3 assays in tripUcata): 



10 



1 uose 


Keratmocytes 


LDH 


PGE2 


1 /q W/V 


DNA 


released 


j released 




1 100 


0 


I 0 




1 23 


100 


1 100 


1 0.03 


1 69 


17 


1 0 1 


1 0.1 


73 


18 


1 10 1 


1 0.001 


i 23 


73 


28 


1 0.003 


49 


31 


' 3 


0.003 1 


24 


^ 53 1 


2 1 


1 0.01 1 


39 


19 


0 


1 0.003 1 


51 


45 1 


28 


1 0.01 1 


53 


27 I 


19 1 


0.0001 1 


44 


75 f 


26 1 


0.0003 1 


41 


92. 1 


12 
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Product 

Control (not irradiatedj 
Control / UVB (50inJ/cm7: 
Rutin 

Rutin octadecandioate according to ex- 
ample 1 

Rutin hexadecandioate according to ex- 
ample2 

Rutin azelaiate according to example 3 

Rutin 11-mercaptoundecanoate according 
to example 4 

Rutin was purchased from Sigma. 

■ 

The UVB irradiation has mduced an inflammation with a release of PGE2 and with cell m^- 
brane mjuiy as demonstrated by the release of LDH activity in the medium, and a decrease of 
toe keratmocytes ceU number (decrease of aromid 77o/o of cell DNA). After incubation of the 
keratmocytes with rutin or the esters of rutin with (D-snbstituted fetty acid, and UVB inadia- 
Uon. an mcrease of viable cells and a decrease of released LDH and PGE2 was obtained But 
the esters of rutin are effective at doses 3-100 times lower flian the active doses of mtin These 
results demonstrate the anti-inflammatory efficiency of the tested products and their abihty to 
protect ceUs from the damages induced by UVB irradiation. 
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Claims 2 0. Juni 2003 



3. 

10 

4. 

5. 

15 



20 6. 



7. 



25 8. 



30 

10. 

11. 



1 . Flavonoid esters with to-substituted C6 to C22 fatty acids 

I^rt T T"*"'' *° Characterised in'that the flavonoid is an agly- 

cone or the glycosylated fonn of polyphenols chosen from the group consist^fof fli 
vones, flavonols flavanones. flavanols. flavanolols. isoflavon^anZT^ 
thocyamdms. chalcones, aurones and hydroxycoumarines 

to C22 f^t". ' Characterised in that the o-substituted C6 

rairboxyte acid having one or more polar groups 

Flavonoid «ter3 according «, claim 3. characterised ta tha, 4c polar gioup is fl» 
temnnal carbon atom ofthcC6 to C22-carl>oxyIic acid Sronpisonthe 
Havonoid caters according to claims 1 ,„ 4. du^cUrised in diat die polar group of 
fte c^subshtutcd C6 to C22 acid is a derivadve of carboicylic acirrorim 
.he gtoup consisting of a carboxylic acid COOH; an amide C^^T<f^^ 
wher^. R. IS a hyd«,ge„ atom, a sa*.a.ed or unsatu^ted. linear or br^^e^Z ci- 
Cfi radica. or an a.,,. araU^, or aralkylene .adical and S" a conter ion; a COI^S^ 
m Hal IS a halogen atom and a COSH '-^«aiwneie 

Sr^" T «'"""^«' aia. the ..subsdmted C6 to 

»^22 latty acid is a dicarboxylic acid. 

^von^d ester, according to claim 6. .hara.,e,rs«l in dia. the c.sub«ifti.ed C6 to 
C22 fatty acid IS chosen torn the gioup consisting of octanedioic acid 
decandio. acid, dodecandioic acid, hexadec^idioic acid and octad^o^^^ ' 
P.«te. according to claims 1 to 4. cha^c.^., ^t^^^ ^ 

rfb^ir::;*^:^,-"^-rr''^'"'^"-^-°-- 

^«t„r«t.^ I- u -^-C(-0)-0-Flavonoid, wherein X is a saturated or un- 

saturated, hnear or branched alkyl radical (C4 - C20) 

Flavonoid esters according to clauns 1 to 4, characterised in that the polar «rouo of 
.-substituted C6 to C22 fetty acid is a thiol or an alkylthioallcyl ^up 

S^2Zac"?ir^'^^^ " ^^^^'^^ ^ thatZrsub'ututed C6 to 

tatty acid is 1 1-mercaptoundecanoic acid 

1:"^ ' «^ 4« <»-«*sti««ed « 



1 ,3 dithiane or epoxide 

12. 
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13. A nutritional or cosmetic or pharmaceutical composition containing flavonoid esters 
according to claims I to 1 2. 

14, A nutritional or cosmetic or pharmaceutical composition comprising liposomes or mi- 
crocapsules containing flavonoid esters according to claims 1 to 12. 

5 15. A nutritional or cosmetic or pharmaceutical composition according to claims 13 or 14, 

characterised in that it contains 0.0001 to 10 wt % of the flavonoid esters based on 
the final composition. 

16. The use of flavonoid esters according to claims 1 to 12 as cosmetic agents to protect 
skin and scalp against damages caused by UV and IR radiation. 
10 17. The use of flavonoid esters according to claims 1 to 12 as cosmetic agents to protect 

skin and scalp against mitochondrial or nuclear DNA damages caused by UV radia- 
tion. 

18. The use of flavonoid esters according to claims 1 to 12 as anti-inflammatory and/or 
soothing and relieving agents. 
15 19. The use of flavonoid esters according to claims 1 to 12 as cosmetic agents against the 

ageing of skin and scalp. 

20. The use of flavonoid esters according to claims 1 to 12 as cosmetic agents to improve 
sensitive skin and to reduce scalp itching. 

21. The use of flavonoid esters according to claims 1 to 12 as cosmetic agents to modify 
20 the melanin synthesis in human skin. 

22. The use of flavonoid esters according to claims 1 to 12 for the production of a prepara- 
tion for stimulating the metabolism and the immune defense of the human skin, more 
particularly for defense against oxidative stress. 

23. The use of flavonoid esters according to claims 1 to 12 for the production of a prepara- 
25 tion against environmental stress or pollutants. 

24. The use of flavonoid esters according to claims 1 to 12 for the production of an derma- 
tological anti-inflammatory care preparation. 

24. The use of flavonoid esters according to claims 1 to 12 in sun protection compositions. 

25. The use according to claims 16 to 24, characterised in that the flavonoid esters are 
30 used in quantities of 0,0001 to 10 wt % based on the final composition. 

26. The use according to claims 16 to 25, characterised in that the flavonoid esters are 
incorporated in microcapsules or liposomes. 
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2 0. Juni 2003 



Summary 




The invention refeis to esters of flavonoids such as flavones, flavonols. flavanones, flavanols 
flavanolols. isoflavones. anthocyanins. proanthocyanidins, chalcones. autones and hydroxy* 
coumanns conjugated by an ester bond to an to-substituted C6-C22 fatty acid 
These flavonoid derivatives exhibit exceUent skin protecting properties, particularly against 
damages due to UV-radiation. They show a very good chemical stability and are easily incor- 
porated mto cosmetic and pharmaceutical formulations. 



26 



